Background: HIV spread continues at high rates from infected persons to their sexual partners. In 2009, an estimated 2.6 million new infections occurred globally. People living with HIV (PLHIV) receiving treatment are in contact with health workers and therefore exposed to prevention messages. By contrast, PLHIV not receiving ART often fall outside the ambit of prevention programs. There is little information on their sexual risk behaviors. This study in Mombasa Kenya therefore explored sexual behaviors of PLHIV not receiving any HIV treatment. Results: Using modified targeted snowball sampling, 698 PLHIV were recruited through community health workers and HIV-positive peer counsellors. Of the 59.2% sexually-active PLHIV, 24.5% reported multiple sexual partners. Of all sexual partners, 10.2% were HIV negative, while 74.5% were of unknown HIV status. Overall, unprotected sex occurred in 52% of sexual partnerships; notably with 32% of HIV-negative partners and 54% of partners of unknown HIV status in the last 6 months. Multivariate analysis, controlling for intra-client clustering, showed nondisclosure of HIV status (AOR: 2.38, 95%CI: 1.47-3.84, p < 0.001); experiencing moderate levels of perceived stigma (AOR: 2.94, 95%CI: 1.50-5.75, p = 0.002); and believing condoms reduce sexual pleasure (AOR: 2.81, 95%CI: 1.60-4.91, p < 0.001) were independently associated with unsafe sex. Unsafe sex was also higher in those using contraceptive methods other than condoms (AOR: 5.47, 95%CI: 2.57-11.65, p < 0.001); or no method (AOR: 3.99, 95%CI: 2.06-7.75, p < 0.001), compared to condom users.
Background
HIV transmission remains a significant global concern; in 2009 there were an estimated 2.6 million new infections globally [1] . At the end of 2009, about 36% of the 15 million people in need of antiretroviral treatment (ART) in low-and middle income countries were receiving ART [1] .
People living with HIV (PLHIV) who receive ART are in regular contact with health workers and presumably exposed to prevention messages and commodities. Indeed, several studies have documented a reduction in sexual risk behaviors among PLHIV after initiating ART [2] [3] [4] [5] [6] . At the same time, studies have shown that PLHIV accessing HIV care services, but not receiving ART, have higher sexual risk behaviors and unprotected sex than those taking ART, even though both groups have contact with health workers and exposure to prevention messages [7] [8] [9] [10] . A major gap, however, is evidence about the patterns of sexual behavior among PLHIV in the community who are not receiving ART and are either accessing HIV care services infrequently or not at all. Although newly diagnosed HIV-positive persons are advised to visit treatment centres for routine follow-up, many PLHIV choose not to. HIV related stigma, denial and disclosure concerns constitute important barriers to accessing care [11, 12] . The only contact with health services for these people might well be post-test counselling at the time of testing HIV-positive. At the same time, PLHIV are also exposed to HIV prevention messages through mass media and community awareness programs that presumably also influence their knowledge and behaviors.
Studies of the determinants of unprotected sex in HIV-infected people suggest that a range of factors can operate individually or interact to influence sexual behavior [13] . Intention and self-efficacy regarding safe sex; [14, 15] myths around condom use; dilemmas around disclosure of HIV status to partner(s) and fears of subsequent rejection; [14, [16] [17] [18] [19] [20] and motivation to protect partners as well as themselves against re-infection with a new HIV strain or another sexually transmitted infection play an important role in effecting safe sex [13, 20] . Partner attitudes and willingness to use condoms, complicated by partner status and willingness to be tested for HIV add further dimensions to safe sex practices [4, 18, 19, 21] . Furthermore, a desire for children may lead to PLHIV ignoring the risks of unprotected sex [19, 22, 23] .
In Kenya, in 2009, an estimated 1.3 to 1.6 million persons were living with HIV and an estimated 40% of PLHIV with advanced disease who are eligible for treatment were not receiving ART [1, 24] . At the same time a large number of PLHIV do not yet require ART. Many of these PLHIV are likely to be outside the ambit of regular health care and prevention services. An estimated 100,000 new HIV infections occurred in 2009 in Kenya, highlighting the need for prevention efforts to focus on sexual risk behaviors of PLHIV, including those not accessing HIV care services. In this paper we examine the sexual risk behaviors of PLHIV in the community who were not receiving ART or co-trimoxazole prophylaxis.
Methods
Study participants were recruited for a cross-sectional survey, using modified targeted snowball sampling that uses outreach workers to recruit participants from identified geographic areas and populations of interest [25, 26] . In classical snowball sampling a small number of individuals (typically between 4-6 persons initially) from a particular group of interest are identified, who then serve as 'seeds' to identify and recruit peers, that is, individuals who engage in the same type of risk behaviors, to be included into the study sample [27] . These, initial 'seeds' are often selected by program or study staff via convenience sampling. 'Seeds' can recruit an unlimited number of peers from their network till the desired sample size is achieved or sample saturation takes place. A drawback of this method is that the sample obtained is influenced by characteristics of the initial seeds, the size of their personal network and their ability to reach more cooperative subjects, with a possibility of sampling bias [27] . By contrast, modified targeted sampling, aims to overcome some of the limitations of snowball sampling by including an initial ethnographic assessment aimed at identifying the various networks or subgroups that might exist in a given setting [25] . Participants are then recruited through the active efforts of street outreach workers, using snow-ball sampling. CHWs and PTC counsellors are familiar with the community they serve, the socio-demographic profile of the community and clients, and can help reach PLHIV; we used this cadre of health workers to recruit our study sample. Health workers identified PLHIV in their community and asked these PLHIV to bring in others they knew. As our previous study showed us that PLHIV in Mombasa are relatively isolated due to stigma and disclosure concerns [28] , health workers were permitted to add new 'seeds' if PLHIV were unable to bring in peers.
Participants were recruited by community health workers (CHWs) and HIV-positive peer counselors (PCs) from post-test clubs. To reduce biases related to the recruiter and the initial sample, especially over representation of more cooperative subjects and respondents with larger networks, the number of clients each health worker could bring into the study was restricted. Four CHWs from each of Mombasa's four districts (n = 16) were each asked to recruit 20 PLHIV; and five PCs from each of eight post-test centers (n = 40) across the four districts were each tasked with recruiting 12 PLHIV. HIV-positive adults who were 18 years or older, not currently taking ART or co-trimoxazole prophylaxis were eligible to participate.
Recruitment followed a detailed protocol on approaching PLHIV, maintaining confidentiality and verifying the participant's HIV-positive status by checking the referral card issued by a VCT center, or HIV clinic registration card or HIV/CD4 cell test results. Each participant received Ksh 200 (1USD = +/-75Ksh) as compensation for their time and transport. CHWs and PCs received Ksh 100 per participant recruited to cover their transport costs. Ethical approval was obtained from the Kenyatta National Hospital's Ethics Committee and Institutional Review Board of the Population Council. Written informed consent was obtained from all participants. After data collection was completed, project staff worked with CHWs and PTC counsellors to counsel each of the clients they had recruited to return to the HIV clinic for further follow up, care and ART.
Data were collected using structured questionnaires administered in Swahili by trained research assistants. Demographic variables were categorized and time since HIV diagnosis was classified as less than 12 months, 12-24 months and > 24 months. Contraception was categorized as: male/female condoms for contraception, other family planning (FP) methods (intra-uterine device, hormonal methods, permanent methods, diaphragm, foam/jelly, or rhythm) and no contraception. Disclosure of HIV status to a sexual partner was recorded as a binary yes/no variable. Perceived stigma was assessed using an adapted Berger's Stigma Scale (Cronbach's alpha of adapted scale: 0.81) and was categorized as minimal or low , moderate (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) (51) (52) or high stigma (53-64) [29, 30] . The recall reference period for sexual behavior was the previous 6 months, with data collected on: having had sexual intercourse, number of sexual partners, type of partners, partner's HIV status and disclosure of own status to partners. A regular partner was defined as a spouse or cohabiting partner, or a long-term friend with whom the respondent has sex frequently. A partner with whom the respondent was not living and had sex once or rarely was classified as a casual partner. Commercial or transactional partners were those where money or gifts were exchanged for sex.
To assess transmission concerns, participants were asked a binary question: "Are you worried about transmitting HIV to this partner?" Attitudes to condom use were assessed with six statements: "I am tired of always having to make sure that I use a condom every time I have sex","using condom reduces physical pleasure from sex","if a cure were discovered I would stop using condom", "using a condom takes away the romance from sex", "condoms are effective in preventing HIV and STDs" and "condom should only be used to prevent pregnancy and not HIV"-responses were scored on a 4point Likert scale, ranging from strongly agree, agree, disagree, to strongly disagree. Respondents were also given the option of saying don't know. These statements were adapted from other studies [13, 31, 32] and pretested, validated and used in a previous study with PLHIV in Mombasa [2, 19] . STI events were selfreported episodes of genital discharge or genital ulcer in the last 6 months (laboratory confirmation was unavailable). Participants were asked about the number of biological children they had. Fertility intentions were assessed by asking participants about the intention to have children in the future. Unprotected sex (UPS) was defined as inconsistent condom use with any partner in the past 6 months. Unsafe sex (US), a subset of UPS and the primary outcome for multivariate analysis to determine predictors, was defined as inconsistent condom use with HIV-negative or unknown status partners in the last 6 months. UPS at last sex and US at last sex were also reported.
Data management and statistical analysis
Data were entered into handheld computers (Dell Axim × 51) and then uploaded into Microsoft Access 2003 using Perseus 7.0.044 software. The data were analyzed on two levels (respondent-level and partner-level) using Intercooled Stata 8.0 (Stata Corporation, College Station, Texas, USA).
Respondent-level analysis compared demographic and behavioral characteristics of male and female participants. Unpaired Student's t test and the Mann-Whitney U test compared continuous variables with normal or non-normal distributions respectively, and a chi-square test identified differences between categorical variables. Unadjusted Mantel Hanzel odds ratios were reported.
Analysis at the level of sexual partner included data for up to 6 partners for each respondent in the last 6 months. Univariate logistic regression analyses were performed to identify associations between variables of interest and US at 6 months and last sex. Variables significant, at alpha level of 0.05, on univariate regression were included in the multivariate model [33] . Although sex of the respondent was not associated with unsafe sex in univariate analysis, it was forced into the model as socio-demographic characteristics varied markedly between women and men (Table 1) . Also, a priori, disclosure of HIV status and type of partner were included in initial models, based on previous evidence of association with unprotected sex [7, [34] [35] [36] [37] . As a participant's sexual behavior with one partner may not be independent from her or his behavior with other partners, we controlled for multiple observations on sexual partners reported by the same study participant (intra-client clustering). Multiple partners of the same participant were also included as separate units of analysis. We adjusted the standard errors for clustering on the participant's ID in both univariate and multivariate logistic regression analyses. A main effects model was used to fit the multivariate model [38] . Separate multivariate models were developed for US at 6 months and at last sex.
Results
Between May and August 2007, 748 PLHIV were identified by CHWs and PCs; 28 persons were found ineligible (receiving treatment) and 720 PLHIV were interviewed. Data from 22 participants were lost due to technical failures with the hand-held computers, leaving data on 698 participants for analysis. Median age of participants was 33.5 years (IQR = 28-33). Twenty-three percent (163/698) of participants reported visiting HIV clinics (34.4% visited monthly, 16 .6% every two to six months, 20.2% when sick and 28.8% off and on). Differences were observed in sociodemographic characteristics between female and male respondents [ Table 1 ]. Women were more likely than men to be widowed (OR 3.40; 95%CI: 1.98-5.88; p < 0.001); to attend HIV clinic (OR 1.73; 95%CI: 1.10-2.74; p = 0.017) and be unemployed (OR 1.73; 95%CI: 1.10-2.71; p = 0.018). Women were also less likely to drink alcohol each week (OR: 0.63; 95%CI: 0.43-0.93; p = 0.017) or to report ever using drugs (OR: 0.16; 95%CI: 0.11-0.24; p < 0.001). Women knew their HIV-status for longer periods than men. Participants recruited by CHWs and by PCs had a similar age, sex, education and employment status (data not shown).
Participants were asked about their reasons for not taking ART; multiple responses were permitted. About a quarter (27.9%; n = 195) reported high CD4 cell counts that made them ineligible for ART; 16.8% (n = 117) did not want to start ART; 11.2% (n = 78) reported they were afraid of side-effects; 7.7% (n = 54) did not know where to access treatment; 2.9% (n = 20) complained that treatment was expensive; 2.4% (n = 17) were taking herbal remedies and 2.1% (n = 15) had unfavourable beliefs about ART, such as, 'ARVs can make you mad', 'ARVs kill you faster', 'ARV are brought by donors when they stop it will be the end of your life', and ARVs make you sicker'.
Sexual activity
In the 6 months preceding the survey, 59.2% percent of participants were sexually active; similar in females and males [ Table 2 ].
Males were more likely than female participants to report multiple partners (OR: 3.67; 95%CI 2.18-6.18; p < 0.001) in the last 6 months. Sexually-active male respondents (90/164) reported a total of 179 sexual partners and female respondents (320/534) reported a total of 437 sexual partners over the reference period [ Table 2 ].
While the majority of male (84.4%) and female participants (98.8%) reported heterosexual partners, 15.5% of males (14/90) and 1.2% of females (n = 4/320) reported same sex partners in the last 6 months [ 95%CI: 0.82-1.90; p = 0.29) and transactional partners (25.7% vs. 8.2%; OR: 3.85; 95%CI: 2.35-6.30; p = < 0.001) than women (p < 0.001) [ Table 2 ].
Three-quarter of all partners were of unknown HIV status, similar for men and women. Female respondents reported higher disclosure rates to partners than male respondents (39.8% vs. 30.2%.; OR: 1.53; 95%CI: 1.09-2.47; p = 0.02) [ Table 2 ].
Prevalence of unprotected sex UPS-6 months (inconsistent condom use with any partner in the last 6 months) was reported in over half (51.9%) the sexual partnerships, more by women than men (55.2% vs. 44.1%; OR: 1.56; 95%CI: 1.09-2.21; p = 0.01) [ Table 3 ]. Males were more likely to report UPS-6 months with their female partners than their male partners (52% vs. 22.9%; OR: 3.63; 95%CI: 1.66-7.95; p = 0.001). Both sexes were more likely to have UPS-6 months with regular partners compared to casual or transactional partners (p < 0.001). Inconsistent condom use in the last 6 months (US-6 months) was reported with 31% of HIV-negative partners (females 30.4% vs. males 35.3%; OR: 0.80; 95%CI: 0.25-2.63; p = 0.72) and with 53.8% of the partners of unknown HIV status (females 57.3% vs. males 45.0%; OR: 1.64; 95%CI: 1.07-2.47; p = 0.02). Patterns of UPS at last sex were similar to those of UPS-6 months (data not shown).
Predictors of unsafe sex (inconsistent condom use with HIV negative or unknown status partners)
Risk factors associated with US-6 months were explored (Table 4 ). In univariate analysis, university level education, more than 12 months since HIV diagnosis, nondisclosure of HIV-status, moderate and high levels of internalized stigma, condom-use fatigue, attending a HIV clinic, knowing that re-infection with a new viral strain is possible, believing that condoms reduce pleasure and using non-condom contraceptive methods were associated with higher risk of US-6 months and were included in the initial model.
In multivariate analysis, after controlling for multiple observations relating to different sexual partners reported by the same study participant, non-disclosure of HIV status to a partner (AOR 2.38, 95%CI: 1.47-3.84; p < 0.001), experiencing moderate levels of perceived stigma (AOR 2.94, 95%CI: 1.50-5.75; p = 0.002), believing condoms reduce sexual pleasure (AOR 2.81, 95%CI: 1.60-4.91; p < 0.001) or being unsure about condoms reducing pleasure (AOR 8.33, 95%CI: 2.38-29.09; p = 0.001), using a non-condom contraceptive method (AOR 5.47, 95%CI: 2.57-11.65; p < 0.001) or not using any contraception (AOR 3.99, 95%CI: 2.06-7.75; p < 0.001) were independently associated with US-6 months. Sex of the respondent, though not significantly 
Discussion
This study, conducted in Mombasa among PLHIV not accessing HIV treatment, shows the population has high levels of unsafe sex. Almost sixty percent of the participants were sexually-active during the last 6 months. This is significantly higher than that reported in our previous study in Mombasa among PLHIV receiving ART (44%) and PLHIV receiving co-trimoxazole prophylaxis without ART (47%) [7] , and in other studies among PLHIV accessing care services in Cote d' Ivoire (47%), Uganda (48%) and Cameroon (47%) [8, 10, 39] . Further, participants reported unprotected sex with more than half their sexual partners, significantly more with regular partners than non-regular partners. This is much higher than that reported among ART-naïve PLHIV in Uganda and South Africa [4, 9, 37] as well as among PLHIV on ART and those on co-trimoxazole prophylaxis without ART in Mombasa [2, 7] . It is of concern that unprotected sex was reported with a third of HIV-negative partners and half of untested partners (people with unknown HIV status). This presents a serious HIV prevention challenge, particularly as 75 percent of the partners were untested and only 37 percent of the PLHIV had disclosed their HIV status to their partners. In a review article, Kalichman et al. (2000) , have also reported high levels of unsafe sex with HIVnegative and unknown status partners [17] . Disclosure of HIV serostatus to partners and perceived stigma emerged as independent determinants of safe sex behaviors. It is important to note the intersection of the two determinants where PLHIV are reluctant to disclose for fear of rejection (perceived stigma) which may or may not happen [18, 19] . Loubiere et al. (2009) and King et al. (2008) also link disclosure of HIV status with safe sex behavior in studies from Cameroon and Uganda [21, 35] . Our study also highlights the role that the belief that condoms reduce pleasure and condom-use fatigue play in influencing safe sex. Conley and Collins (2005) found condom non-users to be more likely to believe that condom use interferes with pleasure; more commonly among males. Randolph et al. (2007) report similar results on condom use [40, 41] . Prevention programs need to develop and implement strategies to change attitudes and beliefs about condoms. Further, more than half of the participants who did not want to have children were not using contraception, indicating high levels of unmet family planning need. Although it has been discussed extensively, effective integration of family planning counseling and services into HIV prevention programs has not been implemented and merits urgent action [42, 43] . We documented other risky sexual practices such as unprotected sex during menstruation and unprotected anal sex. Sexual exposure to genital blood during menstruation is believed to facilitate transmission of HIV and other STIs [44, 45] . We also report same sex behaviors among male participants: almost a quarter of all sexual partners reported by male participants were male. It is possible that a MSM peer could have recruited MSM participants. Mombasa has a fairly large population of male sex workers and unprotected anal sex is frequently reported in this population [46, 47] . Anal intercourse is reported relatively less frequently by women. Fifteen percent of female participants in our study reported ever anal sex and the vast majority did not use condoms. Kalichman et al. (2009) report a 10% prevalence of heterosexual anal sex reported by women interviewed from community and clinic settings in South Africa [48] . The relatively low prevalence of anal intercourse among heterosexual individuals may be offset by its greater efficiency for transmitting HIV [49] . Health workers need to specifically discuss these forms of risky sexual behaviors during prevention counselling.
The study provides evidence that prevention programs can reach PLHIV who are not accessing HIV care services through community health workers or peer counsellors. About three-quarter of the participants were not accessing any HIV care and support services that they could benefit from; and more than half of them had been tested positive more than 12 months previously and were therefore, more likely to have forgotten any prevention messaging at the time of post-test counselling. This occurred despite the increased availability of The study is not without limitations. We recruited participants using non-probability modified targeted snowball sampling. Although our sample is not a randomly recruited representative sample, this technique did allow us to reach PLHIV within the community who are otherwise not accessible. We believe we were able to recruit a sufficiently diverse and representative sample for this study. We did not use Respondent Driven Sampling, a technique used commonly for hidden hard-toreach populations such as MSM and injecting drug users, as this sampling method relies heavily on the recruitment of peers through their social networks, and we felt this to be unsuitable for our population and setting. In Mombasa, the network of positive people is small and poorly organized and, our previous study showed that PLHIV were reluctant to reveal their status and were poorly networked, with high levels of internalized stigma. This has also been reported by other African studies [11, 12, 28] . Our study sample consisted of 76% female participants. There could be several reasons for this: women tend to stay at home and therefore may be more easily contacted by health workers, women may access care earlier than men and so are more likely to know their HIV status, and in general, women make up more than 60% of the HIV-positive population in sub-Saharan Africa [1] . Women constituted 64% and 66% of our sample in our two previous studies in Mombasa [2, 7] .
In our data analysis we did not control for clustering at the recruiter level, which could lead to increased variance in reported behaviors. We did not do so because we did not link data on individual recruiters to participants; we recorded only type of recruiters (CHW or PTC counsellor). However, the fact that we found no significant socio-demographic differences between PLHIV recruited by CHWs and those recruited by PCs, and that each health worker could bring in a limited number of participants into the study and health workers were able to reach different risk groups as there are no geographic areas in Mombasa with a concentration of particular high-risk populations, may have reduced the bias due to clustering at the recruiter level. The study relies on self-reported sexual risk and condom use behaviors which may be subject to social desirability and recall bias. For the partner level analysis, we limited the number of partners each participant could describe to a maximum of six in the reference period; this afforded us the ability to obtain more reliable recall and limit the influence of the outliers in the sample. Reviews of validity and reliability of HIV research have, however, found that sexual behavior data are fairly consistent and selfreported data on sexual acts are reasonably congruent, especially for infrequent acts and short recall periods [50, 51] . However, recent studies using biomarkers to validate self-reported condom use suggest over reporting of condom use and recommend interpreting selfreported behaviors with caution [52]. Over reporting would further raise the level of risk found in this study. Finally, the study would have benefited if a control group of PLHIV on treatment had been included for a comparison of sexual behaviors.
In conclusion, a significantly large number of PLHIV in the community are not accessing ART or HIV care services in Mombasa and high risk sexual behaviors are widely prevalent in this population. HIV programs need to bring this population into the ambit of prevention and care services. 
